Roseivivax isoporae sp. nov., isolated from a reef-building coral, and emended description of the genus Roseivivax A bacterial strain, isolated from a sample of reef-building coral (Isopora palifera) collected off the coast of southern Taiwan, was characterized using a polyphasic taxonomic approach. The strain, designated sw-2 T , was Gram-staining-negative, aerobic, rod-shaped and motile, with subpolar flagella, and formed greyish pink colonies. Phylogenetic analyses based on 16S rRNA gene sequences indicated that strain sw-2 T was most closely related to Roseivivax halodurans Och 239 T (97.4 % sequence similarity) and Roseivivax halotolerans Och 210 T (96.4 %). The novel strain did not require NaCl for growth and exhibited optimal growth at 35-40 6C, at pH 7.5-8.0 and with 3-7 % (w/v) NaCl. It produced bacteriochlorophyll a under aerobic conditions. Summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c; 63.7 %) predominated in the cellular fatty acid profile. The novel strain's major respiratory quinone was ubiquinone Q-10 and its genomic DNA G+C content was 68.8 mol%. The polar lipid profile consisted of a mixture of phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, diphosphatidylglycerol, phosphatidyldimethylethanolamine, sulfo-quinovosyl diacylglycerol and three uncharacterized phospholipids. The genus Roseivivax, first proposed by Suzuki et al. (1999) , belongs to the family Rhodobacteraceae of the order Rhodobacterales, in the class Alphaproteobacteria of the phylum Proteobacteria. It currently contains three species, Roseivivax halodurans, Roseivivax halotolerans and Roseivivax lentus, which were isolated from charophytes and epiphytes on the stromatolites of a saline lake on the west coast of Australia (Suzuki et al., 1999) and from sediment in a tidal flat on the west coast in Korea (Park et al., 2010), respectively. Members of the genus Roseivivax were initially characterized as Gram-negative, oxidase-and catalase-positive, chemoheterotrophic and aerobic rods that contain bacteriochlorophyll a, are motile by means of subpolar flagella, and have ubiquinone Q-10 as their major respiratory quinone and C 18 : 1 as their predominant fatty acid (Suzuki et al., 1999) . The description of this genus was, however, emended by Park et al. (2010) , so that its members are now characterized as motile or non-motile, positive or negative for bacteriochlorophyll a, growing or not growing under anaerobic conditions, with phosphatidylglycerol, phosphatidylethanolamine, an unidentified phospholipid and unidentified lipids as common major polar lipids and with genomic DNA G+C contents between 59.7 and 68.2 mol%. The aim of the present study was to determine the taxonomic position of a Roseivivax-like bacterial strain, sw-2 T , which was isolated from a sample of the reef-building coral Isopora palifera that had been collected off the coast of southern Taiwan.
T represents a novel species in the genus Roseivivax, for which the name Roseivivax isoporae sp. nov. is proposed. The type strain is sw-2 T (5LMG 25204
The genus Roseivivax, first proposed by Suzuki et al. (1999) , belongs to the family Rhodobacteraceae of the order Rhodobacterales, in the class Alphaproteobacteria of the phylum Proteobacteria. It currently contains three species, Roseivivax halodurans, Roseivivax halotolerans and Roseivivax lentus, which were isolated from charophytes and epiphytes on the stromatolites of a saline lake on the west coast of Australia (Suzuki et al., 1999) and from sediment in a tidal flat on the west coast in Korea (Park et al., 2010) , respectively. Members of the genus Roseivivax were initially characterized as Gram-negative, oxidase-and catalase-positive, chemoheterotrophic and aerobic rods that contain bacteriochlorophyll a, are motile by means of subpolar flagella, and have ubiquinone Q-10 as their major respiratory quinone and C 18 : 1 as their predominant fatty acid (Suzuki et al., 1999) . The description of this genus was, however, emended by Park et al. (2010) , so that its members are now characterized as motile or non-motile, positive or negative for bacteriochlorophyll a, growing or not growing under anaerobic conditions, with phosphatidylglycerol, phosphatidylethanolamine, an unidentified phospholipid and unidentified lipids as common major polar lipids and with genomic DNA G+C contents between 59.7 and 68.2 mol%. The aim of the present study was to determine the taxonomic position of a Roseivivax-like bacterial strain, sw-2 county, in southern Taiwan), at 21 u 569290 N and 120 u 449700 E. The sample was stored at 4 u C and transported, within 3-4 h of its collection, to the research laboratory, where it was ground completely and then plated out on marine agar 2216 (MA; Difco), using a standard dilution plating method. After incubation of the plates at 25 u C for 5 days, strain sw-2 T was isolated as single colony. The strain was preserved at 280 u C as a suspension in marine broth 2216 (MB; Difco) with 20 % (v/v) glycerol and also by lyophilization of a suspension in MB with 20 % (w/v) skimmed milk. For reference in phenotypic and genotypic tests, Roseivivax halodurans Och 239 T and Roseivivax halotolerans Och 210 T were obtained from the Japan Collection of Microorganisms (JCM) and Roseivivax lentus S5-5 T was obtained from the Culture Collection at the University of Göteborg (CCUG).
Cell morphology was investigated by phase-contrast microscopy (DM 2000, Leica) and using cells from the lag, exponential and stationary phases of growth. Motility was tested by the hanging-drop and semi-solid-agar methods. The Spot Test flagella stain (Difco) was used to stain any flagella that might be present. A commercial Gram staining set (Stain Set S, Difco) and the Ryu non-staining KOH method (Powers, 1995) were used for testing for Gram staining and Gram reaction, respectively. Accumulation of poly-b-hydroxybutyrate granules was investigated by light microscopy, after staining of the cells with Sudan black. Colony morphology was examined under a stereoscopic microscope (SMZ 800; Nikon). The optimum pH range for growth was determined in MB that had been adjusted, before being sterilized by autoclaving, to give initial pH values between 3.0 and 12.0 (at intervals of 1.0 pH unit), using glycine/HCl (pH 3.0-4.0), citrate/Na 2 HPO 4 (pH 4.0-8.0), phosphate buffer (pH 6.0-8.0) or glycine/NaOH (pH 9.0-12.0). Evaluation of the pH values after autoclaving revealed only minor changes. Tolerance to various NaCl concentrations was tested by using NaCl-free MB (prepared according to the Difco formula for MB) and the same medium to which NaCl had been added to give NaCl concentrations between 1.0 and 20.0 % (w/v; in intervals of 1%) or in 0.5 % (w/v). Growth at various temperatures (4-60 uC) was also measured in MB. Cellular growth was determined by measuring the optical densities of cultures at 600 nm (OD 600 ). Anaerobic cultivation was performed on MA, using the Oxoid AnaeroGen system. Extraction of the novel strain's genomic DNA and the amplification in PCR and sequencing, in a DNA sequencer (ABI Prism 310, Applied Biosystems), of the strain's 16S rRNA gene were carried out as described previously (Chen et al., 2001) . The almost-complete 16S rRNA gene sequence (1402 nt) of the novel strain was compared with the 16S rRNA gene sequences available from the EzTaxon server (Chun et al., 2007) , the Ribosomal Database Project (Maidak et al., 2001) and GenBank database (http://blast.ncbi.nlm.nih. gov/Blast.cgi). The sequence data were analysed using BioEdit (Hall, 1999) and version 3.1 of the MEGA package (Kumar et al., 2004) , after multiple alignments using CLUSTAL_X (Thompson et al., 1997) . Evolutionary distances (corrected according to Kimura's two-parameter model; Kimura, 1983) were calculated, and clustering was then investigated by using the neighbour-joining method (Saitou & Nei, 1987) . Maximum-likelihood (Felsenstein, 1981) and maximumparsimony (Kluge & Farris, 1969) trees were also generated, using the relevant algorithms contained in the PHYLIP software package (Felsenstein, 1993) . In each case, bootstrap values were calculated based on 1000 replications. In comparisons of the 16S rRNA gene sequences of strain sw-2 T and members of genera in the order Rhodobacterales, the novel strain was found to fall within the evolutionary radiation occupied by the genus Roseivivax (Fig. 1 ). In the neighbour-joining phylogenetic tree based on these sequences, strain sw-2 T formed a coherent clade with species of the genus Roseivivax, and the corresponding maximum-parsimony and maximumlikelihood trees showed similar topologies (Fig. 1) . In pairwise comparisons of the 16S rRNA gene sequences, strain sw-2 T appeared most closely related to Roseivivax halodurans Och 239 T (97.4 % sequence similarity) and Roseivivax halotolerans Och 210 T (96.4 %). The next most closely related Roseivivax species was Roseivivax lentus S5-5 T (95.1 % sequence similarity). Other recognized species within the order Rhodobacterales showed 16S rRNA gene sequence similarities with strain sw-2 T of 95.3 % or lower.
When DNA-DNA hybridization experiments were performed, using the method described by Ezaki et al. (1989) , the level of DNA relatedness between strain sw-2 T and Roseivivax halodurans Och 239
T was found to be only 15.0%. This value is clearly below the 70 % cut-off point recommended for the assignment of a novel strain to the established species with which it is being compared (Wayne et al., 1987) .
Biomass samples of strains sw-2 T , Roseivivax halodurans Och 239 T , Roseivivax halotolerans Och 210 T and Roseivivax lentus S5-5 T were obtained after growing the strains on MA at 30 u C for 3 days. Fatty acid methyl esters were prepared, separated on a gas chromatograph (model 7890A; Agilent Technologies) and identified using version 6.0 of the Sherlock Microbial Identification System (MIDI) and the RTSBA 6.00 database (Sasser, 1990) . The fatty acid profile of strain sw-2 T was generally similar to those of the three Roseivivax species used for reference but there were differences in the proportions of some components (Table 1) . For example, summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) predominated in the profile of each of the four strains but strain sw-2 T had much higher concentrations of C 18 : 1 v7c 11-methyl and C 19 : 0 cyclo v8c than seen in any of the three reference strains of the genus Roseivivax. Isoprenoid quinones were purified by the methods outlined by Minnikin et al. (1984) and analysed by HPLC as described by Collins (1985) . The major isoprenoid quinone of strain sw-2 T was ubiquinone Q-10. The genomic DNA G+C content of strain sw-2 T , estimated by HPLC as described by Mesbah et al. (1989) , was 68.8 mol%.
Polar lipids were extracted and analysed by two-dimensional TLC, as described by Tindall (1990) . Molybdophosphoric acid was used for the detection of all lipids, ninhydrin reagent for lipids containing free amino groups, Zinzadze reagent for phosphorus-containing lipids, a-naphthol reagent for glycolipids and Dragendorff reagent for cholinecontaining lipids, as described by Embley & Wait (1994) . Strain sw-2 T exhibited a complex polar lipid profile consisting of phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, diphosphatidylglycerol, phosphatidyldimethylethanolamine, sulfo-quinovosyl diacylglycerol and three uncharacterized phospholipids (PL1, PL2 and PL3) (see For analysis of their pigment-absorption spectra, strain sw-2 T , Roseivivax halodurans Och 239 T and Roseivivax halotolerans Och 210 T were each cultivated in MB, aerobically in the dark at 30 u C. For each strain, cell mass from 30 ml culture was extracted with 3 ml acetone/methanol (7 : 2, v/v) and the absorption spectrum of the extract was then recorded in a Helios gamma spectrophotometer (Thermo). The spectrum of strain sw-2 T showed the typical maxima of bacteriochlorophyll a, at 367 and 775 nm, as well as a high peak at 482 nm, indicating the presence of a carotenoid (Biebl et al., 2005) . As expected, both of the reference strains of the genus Roseivivax that were used as positive controls were also found positive for bacteriochlorophyll a. T and Roseivivax lentus S5-5 T were each examined for a broad range of phenotypic properties. Activities of catalase, oxidase, DNase and lipase, hydrolysis of starch, casein, lecithin and Tweens 20, 40, 60 and 80, and acetoin and hydrogen sulfide production were determined according to standard methods (Gerhardt et al., 1994; MacFaddin, 2000) . Hydrolysis of alginate [1 % (w/v) sodium alginate] was tested on MA (Hosoya et al., 2009) . Hydrolysis of chitin was tested using agar medium supplemented with 0.2 % colloidal chitin (Hsu & Lockwood, 1975) . Acid production from carbohydrates was determined as described by Leifson (1963) . Carbon utilization was tested on basal agar medium that had been supplemented with yeast T and closely related species of the genus Roseivivax. Numbers above and below nodes are bootstrap percentages (.70 %) based on the neighbourjoining and maximum-parsimony algorithms, respectively. Filled circles indicate branches of the tree that were also recovered using both the maximum-likelihood and maximum-parsimony algorithms. Open circles indicate branches of the tree that were also recovered using the maximum-parsimony algorithm but not the maximum-likelihood method. Rhodovulum kholense JA297
T was used as an outgroup. Bar, 0.01 substitution per nucleotide position. (Choi & Cho, 2006) . Each potential carbon source was tested at 0.2 % (w/v), with growth scored as positive when visible colonies were observed after incubation for 1 month. Biochemical properties, enzyme activities and carbohydrate utilization patterns were also investigated using API 20NE and API ZYM strips (bioMérieux). API ZYM strips were read after 4 h incubation at 30 u C. Because strain sw-2 T required 2-3 % (w/v) NaCl for optimal growth, the bacteria used for the API 20NE tests were suspended in 3 % (w/v) NaCl. The API 20NE results were read after 72 h at 30 uC.
Sensitivity to antibiotics was investigated by using antibiotic discs and cells (0.5 McFarland standard) spread on MA. The discs contained ampicillin (10 mg), chloramphenicol (30 mg), gentamicin (10 mg), kanamycin (30 mg), nalidixic acid (30 mg), novobiocin (30 mg), penicillin G (10 mg), rifampicin (5 mg), streptomycin (10 mg), sulphamethoxazole (23.75 mg) plus trimethoprim (1.25 mg) or tetracycline (30 mg). The effect of antibiotics on cell growth was assessed after 3 days at 30 u C. The diameter of each antibiotic disc was 8 mm; a strain was considered susceptible, intermediate and resistant when the diameter of the inhibition zone was .13, 10-12 and ,10 mm, respectively, as described by Nokhal & Schlegel (1983) .
The physiological, biochemical and morphological characteristics of strain sw-2 T are given in the species description and Table 2 . Phenotypic and genotypic examinations revealed many common traits between the novel strain and its closest relatives, Roseivivax halodurans Och 239 T ,
Roseivivax halotolerans Och 210
T and Roseivivax lentus S5-5 T . All four of these strains are heterotrophic, aerobic and oxidase-and catalase-positive, have fatty acid profiles in which summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) predominates, and have ubiquinone Q-10 as their main respiratory quinone. The four strains also have fairly similar DNA G+C contents (of 59.7-68.8 mol%).
Strain sw-2 T could, however, be clearly differentiated from its closest established relative, Roseivivax halodurans Och 239 T , by its inability to grow with NaCl at ¢16% (w/v), its higher optimal temperature for growth, its inability to reduce nitrate and ability to produce H 2 S, its lack of lysine decarboxylase, ornithine decarboxylase, cystine arylamidase, naphthol-AS-BI-phosphohydrolase and N-acetyl-bglucosaminidase activities, its inability to produce acid from glucose, mannitol, sucrose, lactose or adonitol, its ability to produce acid from rhamnose, and its ability to assimilate arabinose, mannose, mannitol, maltose and gluconate. Strain sw-2 T could be differentiated from Roseivivax halotolerans Och 210
T by its colony colour, its ability to grow in the absence of NaCl, its higher optimal temperature for growth, its ability to produce H 2 S and acetoin, its lack of lysine decarboxylase, ornithine decarboxylase, cystine arylamidase and naphthol-AS-BI-phosphohydrolase activities, its a-galactosidase activity, its ability to produce acid from rhamnose, arabinose and xylose, its ability to assimilate arabinose, mannose, mannitol, maltose and gluconate and its inability to hydrolyse gelatin. Strain sw-2 T was also unlike Roseivivax lentus S5-5 T in being motile, having a higher optimal temperature for growth, being unable to reduce nitrate or hydrolyse Tweens 20, 40 or 80, being able to produce H 2 S, grow in the absence of NaCl, produce acid from rhamnose, arabinose and xylose and assimilate arabinose, mannose, mannitol, maltose and gluconate, and in having trytophan deaminase, a-galactosidase and a-glucosidase activities but lacking cystine arylamidase, trypsin, a-chymotrypsin and naphthol-AS-BI-phosphohydrolase activities.
Based on the phylogenetic, genotypic and phenotypic data, strain sw-2 T represents a novel species in the genus Roseivivax, for which the name Roseivivax isoporae sp. nov. is proposed.
Emended description of the genus Roseivivax
The formal descriptions given by Suzuki et al. (1999) and Park et al. (2010) remain correct except that genomic G+C contents range between 59.7 and 68.8 mol% and phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, diphosphatidylglycerol, phosphatidyldimethylethanolamine, sulfo-quinovosyl diacylglycerol and two unidentified phospholipids are the predominant polar lipids.
Description of Roseivivax isoporae sp. nov.
Roseivivax isoporae (i.so.po9ra.e. N.L. gen. n. isoporae of Isopora, the genus of coral from which the bacterium was isolated).
Cells are Gram-staining-negative, aerobic rods, measuring 0.7-1.0 mm in diameter and 1.0-2.0 mm in length, which are motile, with subpolar flagella. Colonies on MA are greyish pink, circular and convex, with entire edges, and measure 0.8-1.2 mm in diameter after 72 h incubation at 30 u C. Growth occurs at 10-40 u C (optimum between 35 and 40 u C), at pH 7-11 (optimum between pH 7.5 and pH 8.0) and with 0-15 % (w/v) NaCl (optimum between 3 % and 5 %). Bacteriochlorophyll a is produced. Does not accumulate poly-b-hydroxybutyrate granules. Positive result in tests for oxidase, catalase and DNase activities but negative for lipase (corn oil) activity and hydrolysis of casein, starch, alginate, chitin, lecithin and Tweens 20, 40, 60 and 80. Positive result, in API 20NE tests, for aesculin hydrolysis, bgalactosidase activity and assimilation of glucose, arabinose, mannose, mannitol, maltose, malate, gluconate and citrate, but negative for nitrate reduction, indole production, gelatin hydrolysis, D-glucose fermentation, arginine dihydrolase and urease activities and assimilation of N-acetyl-D-glucosamine, caprate, adipate and phenylacetate. Positive, in API ZYM tests, for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, a-galactosidase, b-galactosidase, a-glucosidase and b-glucosidase activities but negative for lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities. Utilizes L-arabinose, cellobiose, D-fructose, D-glucose, D-galactose, trehalose, sucrose, acetate, DL-b-hydroxybutyrate (Suzuki et al., 1999) , Roseivivax halotolerans Och 210 T (Suzuki et al., 1999) and Roseivivax lentus S5-5 T (Park et al., 2010 Suzuki et al. (1999) . DDifferent result (shown in parentheses) reported by Park et al. (2010). inositol, sorbitol or adonitol. Sensitive to rifampicin, kanamycin, nalidixic acid, chloramphenicol, gentamicin, novobiocin, sulphamethoxazole, tetracycline and streptomycin but resistant to penicillin G and ampicillin. The predominant cellular fatty acid is summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c). The major respiratory quinone is ubiquinone Q-10. The polar lipid profile consists of a mixture of phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, diphosphatidylglycerol, phosphatidyldimethylethanolamine, sulfo-quinovosyl diacylglycerol and three uncharacterized phospholipids.
The type strain is sw-2 T (5LMG 25204 T 5BCRC 17966 T ), which was isolated from a sample of reef-building coral (Isopora palifera) collected off the coast of southern Taiwan. The genomic DNA G+C content of the type strain is 68.8 mol%.
